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COMPOSITE DATA SHEET 


GENERAL DESCRIPTION - Fairchild 9400 Series TTL Macrologic utilizes advanced 
Schottky technology to provide high performance peripheral and processor 
oriented LSI. The design of 9400 ensures maximum design flexibility with no 
loss of performance. The Macrologic elements may be used with any bit 
length, instruction set or organization. Devices may be expanded with little 
or no extra components. Where applicable, bus oriented, three state outputs 
are provided. A new slim 24 pin package reduces PC board real estate by a 
third. 


FEATURES 
@ 150-250 GATE COMPLEXITY 
@ COMPATIBLE WITH ALL TTL FAMILIES 
@ PERFORMANCE EQUIVALENT TO SCHOTTKY IMPLEMENTATION 
@ 14, 16, 18, and SLIM 24 PIN PACKAGES 
e INPUTS ABOUT 1/4 NORMAL TTL LOAD, i.e., 360-400 yA 
@ OUTPUTS DRIVE 16 MA (10 U.L.) OR 8 MA (5 U.L.) DEPENDING 


ON APPLICATION 
@ DESIGNED FOR MAXIMUM FLEXIBILITY 
@ OPERATE OVER COMMERCIAL OR MILITARY TEMPERATURE RANGE 


ADVANCED SCHOTTKY PROCESS | 

The 9400 family uses an advanced Schottky TTL process to obtain the best speed/ 
power product of any commercially available digital bipolar circuitry. Key 
characteristics are as follows: 


@ SHALLOW, LOW CAPACITANCE DIFFUSION TO PROVIDE TRANSISTOR F_ or 
2 GHz 
@ SCHOTTKY DIODES TO ELIMINATE STORAGE TIME 
e INTERNAL GATES ; 
- 30 MILS (50 GATES PER MM ) 
- 3.5 NS DELAY 
- 6 pJ DELAY POWER PRODUCT 
@ OUTPUT BUFFERS 
- 70 MILS. 
- 5 NS DELAY 
- 10 pd DELAY POWER PRODUCT 


*A Trademark of Fairchild Camera ana instrument Corporation. 
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET 


CURRENTS - Positive current is defined as conventional current flow into a 
device. Negative current is defined as conventional current flow out of a 
device. 


] High-level input current. 


1H 
The current flowing into an input when a specified high-level voltage 
is applied to that input. 

Ve Low-level input current. 


The current flowing into an input when a specified low-level voltage 


is applied to that input. 
High-level output current. 


OH The current flowing into the output with a specified high-level output 

vol tage Vou applied. 

lor Low-level output current. 
The current flowing into the output with specified low level output 
voltage Vor applied. 

Vos Short-circuit output current. 
The current flowing into an output when that output is short-circuited to 
ground (or other specified potential) with input conditions applied to 
establish the output logic level farthest from ground potential (or 
other specified potential). 

lozH Output off current high. 


The current flowing into a disabled three state output with a specified 
high level output voltage Vou applied. 
loz Output off current low. 


The current flowing into a disabled three state output with a specified 
low level output voltage Vor applied. 
lee Supply current. 


The current flowing into the Vec supply terminal of a circuit when the 
inputs are open. 


VOLTAGES - All voltages are referenced to Ground. 

Vay Input high voltage. 
The range of input voltages that represents a logic HIGH level in the 
system. 

Vi, Input low voltage. 


The range of input voltages that represents a logic LOW level in the system. 
= 


Vy (min) 


(max) 


Yu 


Minimum input high voltage. 


The minimum allowed input HIGH level in a logic system. 
Maximum input low voltage. 


The maximum allowed input LOW level in a system. 
Output high voltage. 


The range of voltages at an output terminal for specified output 
current Tou: Device inputs are conditioned to establish a HIGH level 
at the output. 

Output low voltage. 


The range of voltages at an output terminal for specified output 
current Io) Device inputs are conditioned to establish a LOW level 
at the output. 

Input clamp diode voltage. 


The range of negative voltage applied to an input which will cause 
-18 ma to flow into the device. 

Supply voltage. 

Typically 5 volts. 


AC SWITCHING PARAMETERS. 


MAX 


tpLH 


CoH 


Toggle frequency/operating frequency. 

The maximum rate at which clock pulses may be applied to a sequential 
circuit. Above this frequency the device may cease to function. 
Propagation delay time. 


The time between the specified reference points, normally 1.3 volts on 
the input and output voltage waveforms, with the output changing from the 
defined LOW level to the defined HIGH level. 

Propagation delay time. 


The time between the specified reference, normally 1.3 volts on the 
input and output voltage waveforms, with the output changing from the 
defined HIGH level to the defined LOW level. 

Pulse Width. 


The time between 1.3 volt amplitude points on the leading and trailing 
edges of pulse. 
Hold time. 


The interval immediately following the active transition of the timing 
pulse (usually the clock pulse) or following the transition of the control 


PHZ 


toLz 


PZH 


PZL 


REC 


input to its latching level, during which interval the data to be 
recognized must be maintained at the input to ensure its continued 
recognition. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the timing 
pulse and still be recognized. 

Set-up time. 


The interval immediately preceding the active transition of the timing 
pulse (usually the clock pulse) or preceding the transition of the 
control input to its latching level, during which interval the data 

to be recognized must be maintained at the input to ensure its 
recognition. A negative set-up time indicates that the correct logic 
level may be initiated sometime after the active transition of the 
timing pulse and still be recognized. 

Output disable time (of a three-state output) from high level. 


The time between the 1.3 volt levels on the input and output voltage. 
waveforms with the three-state output changing from the defined high 
level to a high-impedence (off) state. 

Output disable time (of a three-state output) from low level. 


The time between the 1.3 volt levels on the input and output voltage 
waveforms with the three-state output changing from the defined low 
level to a high-impedance (off) state. 

Output enable time (of a three-state output) to a high level. 


The time between the 1.3 volt levels of the input and output voltage 
waveforms with the three-state output changing from a high impedance 
(off) state to a high level. 

Output enable time (of a three state output) to a high level. 


The time between the 1.3 volt levels of the input and output voltage 
waveforms with the three-state output changing from a high impedance 
(off) state to a low level. 

Recovery time. 


The time between the 1.3 volt levels of inputs which will allow the 
device to operate correctly. 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


XM 
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Operating Free Air Temperature Range 


D for Ceramic Dip, P for Plastic Dip. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 


Temperature (Ambient) Under Bias 

Vcc Lead Potential to Ground Lead 
*Input Voltage (dc) 
*|nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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—65°C to +150°C 
—55°C to +125°C 
—0.5Vtot+7.0V 
-05Vtot+fHV 
—30 mA to +5.0 mA 
—0.5Vto+Vcc 
+30 mA 


FAIRCHILD MACROLOGIC* @ 9401 
CRC GENERATOR/CHECKER 


Description: The 9401 Cyclic Redundancy Check (CRC) Generator/Checker 
provides an advanced tool for the implementation of the most widely used 
error detection scheme in serial digital data handling systems. A 3- 

bit control input selects one of eight generator polynomials. The list of 
polynominals includes CRC-16 and CRC-CCITT as well as their reciprocals 
(reverse polynomials). Automatic right justification is incorporated for 
polynomials of degree less than 16. Individual clear and preset inputs 

are provided for floppy disc and other applications. The ERROR output 
indicates whether or not a transmission error has occured. Another control 
input inhibits feedback during check word transmission. The 9401 is a member 
of Fairchild's Macrologic family and is fully compatible with all TTL families. 


_ Typical Applications 


Floppy and other disc storage systems. 
e Digital cassette & cartridge systems. 
@ Data communication systems. 


Features 


Guaranteed 12 MHz data rate. 

8 selectable polynomials. 

Error indicator. 

Separate Preset & Clear controls. 

Automatic right justification. 

Fully compatible with all TTL logic families. 


14-pin package. 


* A Trademark of Fairchild Camera and Instrument Corporation. 
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LEAD NAMES Loading (note a) 
HIGH (U.L.) LOW (U.L.) 


So» Sy) S» Polynomial Select Inputs 


Data Input 
cP Clock (operates on HIGH to LOW transition) 
Input 
CWE Check Word Enable (active LOW) input 
P Preset (active LOW) input 
MR Master Reset (active HIGH) input 
Q Data Output 
ER Error (active HIGH) output 10 5 (note b) | 
—————____rron hactive HIGH) output C“‘C*SS:« (note b) || 


NOTES: 

a 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is2.5U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
temperature Ranges. 
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Functional Description - The 9401 Cyclic Redundancy Check (CRC) Generator/Checker 

is a 16-Bit programmable device which operates on serial data streams and pro- 

vides a means of detecting transmission errors. Cyclic encoding and decoding 

Schemes for error detection are based on polynomial manipulation in modulo 

arithmetic. For encoding, the data stream (message polynomial) is divided by a 
selected polynomial. This division results in a remainder which is appended to 

the message as check bits. For error checking, the bit stream containing both 

data and check bits is divided by the same selected polynomial. If there are no 
detectable errors, this division results in a zero remainder. Although it is 

possible to choose many generating polynomials of a given degree, standards exist that 
specify a small number of useful polynomials. The 9401 implements the polynomials listed 
in Table I by applying the appropriate logic levels to the select pins Sq? Sy & So: 


The 9401 consists of a 16-bit register, a Read-Only-Memory (ROM) and associated 
control circuitry as shown in the Block Diagram. The polynomial control code 
presented at inputs Sg: S}> and So is decoded by the ROM, selecting the desired 
polynomial by establishing shift mode operation on the register with Exclusive OR 
gates at appropriate inputs. To generate the check bits, the data stream is 
entered via the Data (D) input, using the HIGH to LOW transition of the Clock (CP) 
input. This data is gated with the most significant output (Q) of the register, 
and controls the Exclusive OR gates (Figure 1). The Check Word Enable (CWE) must 
be held HIGH while the data is being entered. After the last data bit is entered, 
the CWE is brought LOW and the check bits are shifted out of the register and 
appended to the data bits using external gating (Figure 2). 


To check an incoming message for errors, both the data and check bits are 
entered through the D input with the CWE input held High. The 9401 is not 

in the data path, but only monitors the message. The Error output becomes 
valid after the last check bit has been entered into the 9401 by a HIGH to 
LOW transition of CP. If no detectable errors have occured during the data 
transmission, the resultant internal register bits are all LOW and the Error 
output (ER) is LOW. If a detectable error has occured, ER is HIGH. ER 
remains valid until the next HIGH to LOW transition of CP or until the device 
has been Preset or Reset, 


A HIGH Tevel on the Master Reset (MR) input asynchronously clears the register. 
A LOW level on the Preset (P) input asynchronously sets the entire register if 
the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit 
check polynomials only the most significant 12 or 8 register bits are set and 
the remaining bits are cleared. 
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RECOMMENDED OPERATING CONDITIONS 
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PARAMETER 


Supply Voltage Vcc 
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Input HIGH Voltage 


TEST CONDITIONS (Note 1) 
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Guaranteed Input HIGH Voltage 
Input LOW Voltage 
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Guaranteed Input LOW Voltage 
input Clamp Diode Voltage 


VOH Output HIGH Voltage ee ee 
Fe ee a 


VOL Output LOW Voltage 
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Vcc = MIN, lin =—-18 mA 
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Vcc = MIN, !oy = —400 uA 


Vcc = MIN, lo, = 4.0 mA 
Vcc = MIN, lo- = 8.0 mA 
Vec = MAX, Vin = 2.7 V 
Vcc = MAX, Vin =5.5V 
Vcc = MAX, Vin = 0.4 V 
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Ne Input LOW Current 
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los Output Short Circuit Current -{0 a ee Vcc = MAX, Vout = 0 V (Note 3) 
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Switching Characteristics (Ty; = 25°C, Vec = 9.0V) 


oe LIMITS. ns! 
SYMBOL PARAMETER | MIN | TYR gy MAX | UNITS CONDITIONS 
Tay Maximum Clock Frequency Cee ae 


. Propagation delay, Clock,MR ts 
cae to Data Output 30 C 15 pF 
PLH 29 - Fig.3, 


PHL Propagation delay, Preset to 0 

t, H Data Output | 
tony Propagation delay,Clock,MR 60 ns 
tory or Preset to Error Output 


em 


Recovery time, MR and Preset 
to Clock 


Switching Set-up Requirements (T, = 25°C, Vee = 5.0V) 
SYMBO LIMITS 
ee wurts | _onorrzoKs 
a Tl alaie 
tC Set-up time, CWE to Clock 35 55 Fig. 6 
th Hold time, Data and CWE to | fo | fm | C, = 15 pF 
tP (L) Preset pulse width (LOW) fs fa | 
t MR (H) Master Reset pulse width 35 fas | | 
fe fas | me oe 


1. For conditions shown as MIN or MAX, use appropriate value specified under 
recommended operating conditions for the applicable device type. 

2. Typical limits are at V 75.0 V; Th = 25°C. 

3. Not more than one output Should be shorted at a time. 
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Fig. 5 Fig. 6 
PROPAGATION DELAYS, MR | SET-UP AND HOLD TIMES, 
TO Q AND ER PLUS DATA TO CLOCK AND CWE 
RECOVERY TIME, MR TO CP TO CLOCK 


FAIRCHILD TTL MACROLOGIC* 9403 


DESCRIPTION - The 9403 is an expandable fall-through type high speed First In- 
First Out (FIFO) buffer memory optimized for high speed disc or tape controllers 
and communication buffer applications. It is organized as 16 words by 4 bits 

and may be expanded to any number of words (in multiples of 16) and/or any number 
of bits (in multiples of 4). Data may be entered or extracted asynchronously in 
serial or parallel, allowing economical implementation of buffer memories. 


Three state outputs are provided for added versatility. The 9403 is a member 
of Fairchild's TTL Macrologic family and is fully compatible with all TTL families. 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


FEATURES 


14 MHz serial or parallel data rate 
Serial or parallel input 

Serial or parallel output 

Expandable without external logic 
Three state outputs 

Fully compatible with all TTL families 
24 pin package 


LOGIC. = YH BOL 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


CRE. (O—— 23 
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*A Trademark of Fairchild Camera and Instrument Corporation. 
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| IRF 
ORE 
NOTES: 


a) 
b) 


Loading (note a) 
HIGH (U.L. LOW (U.L.) 


Parallel Data Inputs - «23 

Serial Data Input : 23 
Parallel Load Input ; .23 

Serial Input Clock (operates on ; .23 
negative going transition) 

Serial Input Enable (active LOW) : .23 
Transfer to Stack Input (active LOW) 0. 0.23 

Serial Output Enable Input (active 0. 225 

LOW) 

Transfer Out Serial Input (active ; .23 

LOW) 

Transfer Out Parallel Input . .23 
Master Reset (active LOW) : .23 
Output Enable (active LOW) : .23 

Serial Output Clock Input (operates | : .23 

on negative going transition) | 

Parallel Data Outputs | 10 (note b) 
Serial Data Output 10 (note b) 
Input Register Full Output (active 5 (note b) 
LOW) . 

Output Register Empty Output (active 5 (note b) 
LOW) 


1 unit load (U.L.) = 40 yA HIGH, 1.6 ma LOW. 


Output fanout with VOL 0.5 volts. 


FUNCTIONAL DESCRIPTION - As shown in the block diagram the 9403 consists of 
three parts: 


1. an input register with parallel and serial data inputs as well as control 
inputs and outputs for input handshaking and expansion. 

2. a four bit wide, 14 word deep fall-through stack with self-contained 
control logic. 

3. an output register with parallel and serial data outputs as well as control 
inputs and outputs for output handshaking and expansion. 


Since these three sections operate asynchronously and almost independently, 
they will be described separately below: 


INPUT REGISTER (DATA ENTRY): 

The input register can receive data in either bit-serial or in 4-bit parallel 
form, store it until it is sent to the fall-through stack, and generate and 
accept the necessary status and control signals. 


Figure 1 is a conceptual logic diagram of the input section. As described later, 
this five bit register is initialized by setting the F3 flip-flop and resetting the 
other flip-flops. The Q output of the last flip-flop (FG) is brought out as the 
"input Register Full" output (IRF). After initialization this output is High. 


PARALLEL ENTRY: 

A High level on the PL input loads the DO - D3 data inputs into the FO - F3 flip- 
flops and sets the FC flip-flop, which forces IRF LOW, indicating “input register 
full". The D inputs must be stable while PL is HIGH. During parallel entry, the 
IES input should be LOW; the CPST input may be either HIGH or LOW. 


SERIAL ENTRY: 
Data on the DS input is serially entered into the Fa oF oof Fy sFC shift register 
on each HIGH-to-LOW transition of the CPSI clock input, provided IES and PL are LOW. 


After the fourth clock transition the four serial data bits are aligned in the 
four data flip-flops and the FC flip-flop is set, forcing IRF LOW (input register 
full) and internally inhibiting further CPSI clock pulses. Figure 2 illustrates 
the final positions in a 9403 resulting from a 64-bit serial bit train. BO is the 
first bit, B63 the last bit. 


BLOCK DIAGRAM 


INPUT DATA 


INPUT 
CONTROL 


INPUT REGISTER 


STACK 


CONTROL 14 X 14 STACK 


OUTPUT 
CONTROL 


OUTPUT REGISTER 


OUTPUT DATA 


Vop = Pin 24 
Vgg = Pin 12 
= Pin Numbers 


ena ate nnn Ras ene 


NOTA 
D> D D 


fe e # \/ 
eo O O) ©) 
4 4 7 4 4 

S S S$ Ss $s 

Q D Q D Q D a D Q 

F3 F2 FY FO FC 

of CP oF cP OF CP OF CP oO} cP ap 

R R R R R 

e O ° e O 


INITIALIZE 


Dg 


9 


IE: 
P: 


on 


SI 


INPUT REG > STACK ——— 
(PULSE DERIVED FROM TTS) 


Fig. 1 
CONCEPTUAL INPUT SECTION 
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CONCEPTUAL OUTPUT SECTION 
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Fig. 3 
FINAL POSITIONS IN A 9403 RESULTING 
FROM A 64-BIT SERIAL TRAIN 
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TRANSFER TO THE FALL-THROUGH STACK: 

The outputs of flip-flops FO - F3 feed the Stack. A LOW level on the TIS input 
attempts to initiate a "fall-through" action. If the top location of the Stack 

is empty, data is loaded into the Stack and the input register is re-initialized. 
Note that this initialization is postponed until PL is LOW again. Thus, automatic 
FIFO action is achieved by connecting the IRF output to the TTS input. 


Data falls through the Stack automatically, pausing only when it is necessary to wait 
for an empty next location. In the 9403 like in most modern FIFO designs the MR 
input initializes the Stack control section only and does not clear the data. 


OUTPUT REGISTER (DATA EXTRACTION): 

The output register receives four-bit data words from the bottom Stack location, 
stores it and outputs data on a 3-state four-bit parallel data bus or on a 3-state 
serial data bus. The output section generates and receives the necessary~status 

and control signals. Figure 3 is a conceptual logic diagram of the output section. 


PARALLEL DATA EXTRACTION: 

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register 
Empty (ORE) output is LOW. After data has been entered into the FIFO and has 
fallen through to the bottom Stack location, it is transferred into the output 
register, provided the "Transfer Out Parallel" (TOP) input is HIGH, and the OES 
input is LOW. As a result of the data transfer ORE goes HIGH, indicating valid 
data on the data outputs (provided the 3-state buffer is enabled). TOP can now 

be used to clock out the next word. When TOP goes LOW, ORE will go LOW indicating 
that the output data has been extracted, but the data itself remains on the output 
bus until the next LOW-to-HIGH transition of TOP transfers the next word (if 
available) into the output register as explained above. During parallel data 
extraction, TOS, CPSO, and OES should be LOW. 


SERIAL DATA EXTRACTION: 

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the FIFO and has fallen 
through to the bottom Stack location, it is transferred into the output shift 
register provided the "Transfer Out Serial" (TOS) is LOW. TOP must be HIGH, and 

OES and CPSO must be LOW. As a result of the data transfer ORE goes HIGH indicating 
valid data in the shift register. The 3-state serial data output Qs is automatically 
enabled and puts the first data bit on the output bus. Data is serially shifted 

out on the HIGH-to-LOW transition of CPSO. The fourth transition empties the shift 
register, forces ORE LOW and disables the serial output Qs. For serial operation 


1\o 


the ORE output may be tied to the TOS input, requesting a new word from the 
Stack as soon as the previous one has been shifted out. 


EXPANSION; 

Vertical Expansion - The 9403 may be vertically expanded to store more words 
without external parts. The interconnections necessary to form a 48-word by 
4-bit FIFO are shown in Figure 4. Using the same technique, any FIFO of 15N + 1] 
words by 4 bits can be constructed. Note that expansion does not sacrifice any 
of the FIFO's flexibility for Serial/Parallel input and output. 


Horizontal Expansion - The 9403 may also be horizontally expanded to store 

long words (in multiples of 4 bits) without external logic. The interconnections 
necessary to form a 16-word by 12-bit FIFO are shown in Figure 5. Using the 

same technique, any FIFO of 16 words by 4 X N bits can be constructed. When 
expanding in the horizontal direction, it is usual to connect the IRF and ORE 
outputs of the right most device (most significant device) to the TTS and TOS 
inputs respectively of all devices to the left (less significant devices) to 
guarantee that no operation is initiated before all devices are ready. 


As in the vertical expansion scheme, horizontal expansion does not sacrifice 
any of the FIFO's flexibility for Serial/Parallel input and output. 


Horizontal and Vertical Expansion - The 9403 can be expanded in both the horizontal 
and vertical direction without any external parts and without sacrificing any 

of the FIFO's flexibility for Serial/Parallel input and output. The interconnections 
necessary to form a 32-word by 16-bit FIFO are shown in Figure 6. Using the same 
technique, any FIFO of TON, + ] words by 4 X N, bits can be constructed. 


Figures 7 and 8 show the timing diagrams for serial data entry and extraction for 
the 32-word by 16-bit FIFO shown in Figure 6. The final position of data after 
serial insertion of 496 bits into the FIFO array of Figure 6 is shown in Figure 9. 


INTERLOCKING CIRCUITRY: 

Most conventional FIFO designs provide status signals analogous to IRF and ORE; 
however, when these devices are operated in arrays, variations in unit to unit 
operating speed require external gating to assure all devices have completed an 
operation. The 9403 incorporates simple but effective "Master-Slave" interlocking 
circuitry to eliminate the need for external gating. 


In the 9403 array of Figure 6 Devices 1 and 5 are defined as "Row Masters" and the 
other devices are slaves to the Master in their row. No slave in a given row will 
initialize its input register until it has received LOW on its IES input from a 
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A VERTICAL EXPANSION SCHEME 
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FINAL POSITION OF A 496-BIT SERIAL INPUT 
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Fig. 6 
A 31 X 16 FIFO ARRAY 
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Row Master or a Slave of higher priority. 


In a similar fashion, the ORE outputs of slaves will not go HIGH until their 
OES input has gone HIGH. This interlocking scheme ensures that new input data 
may be accepted by the array when the IRF output of the final slave goes LOW 
and that output data for the array may be extracted when the ORE of the final 
slave in the output row goes HIGH. 


The Row Master is established by connecting its IES input to ground while a 
slave receives its IES input from the IRF output of the next higher priority 
device. When an array of 9403 FIFOs is initialized with a LOW on the MR inputs 
of all devices, the IRF outputs of all devices will be HIGH. Thus, only the 
Row Master receives a LOW on the IES input during initialization. Figure 10 is 
a conceptual logic diagram of the internal circuitry which determines Master- 
Slave operation. Whenever MR and IES are low, the Master latch is set. When- 
ever TTS goes LOW the Request Initialization flip-flop will be set. If the 
Master latch is HIGH, the input register will be immediately initialized and 
the Request Initialization flip-flop reset. If the Master latch is reset, the 
input register is not initialized until IES goes LOW. In array operation, 
activating the TTS initiates a ripple input. register initialization from the 
Row Master to the last Slave. 


A similar operation takes place for the output register. Either a TOS or TOP 
input initiates a load-from-stack operation and sets the ORE Request flip-flop. 
If the Master latch is set, the last output register flip-flop is set, and ORE 
goes HIGH. If the Master latch is reset, the ORE output will be LOW until an 
OES input is received. 
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Table 1 summarizes Master-Slave status outputs. 
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INTERNAL STATE 
Master Operation - Slave Operation - 


TES LOW when initialized IES HIGH when initialized 


Input Register Full 


Output Register not full 


| OUTPUT CONDITION 


ae Register Full and IE 
LO 


Qutput Register not full & 
OES LOW 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


Vin Input HIGH Voltage 


| Min | tye | 

seen 2 dl 

| | 0.65 _| 
V 


Vcpb Input Clamp Diode Voltage 
xm | 3A 
Von Output HIGH Vertage | 25 | 34 | 
__ | WS) ORE ) OES “¢ 


Pees HIGH Voltage 
Ors ra _—en 


Veo = MAX., Vout = 2.4V, Ve 08M 


200) BRT NCE HAN Vout = 0.5 V, Ve Me BV 


20 | uA. | Voc =MAX, Vin =2.7V 


——se Voc = MAX, ViNSESY 


Yeo= aan Wadia tee 


Input LOW Current mA ” ‘Vec= MAX, Vin = 0.4 V 
ALL. EXCEPT OFS -0.36 
CE ~ 0.86 
los Ore Storici Circuit Current 
; gh V =MAX, Vv =0.0V 
los Tam ‘Short Circuit Current ® 1, 2 Vs | —-L00 | mA | Voc = MAX, VouTz = 0 V INote oT 


icc PTSO [ma | Voc=MAX, wibuT5 OPER 


NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 
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SWITCHANG CHARACTERISTICS 940: 
Yec = ov, "A= 25°C, “L = 15 pF 


SYMBOL PARAMETER LIMITS | COMMENTS 


MIN | TYP UNITS 


t Propagation Delay, negative 
PHL CP to TRF Output 16 Stack not full 
PL LOW 
tory Propagation Delay, negative Figure 11 & 12 
TTS to IRF 


Serial Output 
OES LOW, TOP HIGH 
Figure 13 & 14 


Propagation Delay, negative going 
CPSO to Qs Output 


Nh 
ol 


Propagation Delay, positive 


TOP to Outputs Q0-93 ee 


Figure 15 
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Serial Output OES 
LOW, TOP HIGH 
Figure 13 & 14 


Propagation Delay, negative going 
CPSO to ORE 


Propagation Delay, positive 
TOS to ORE 


Propagation Delay, negative 
to ORE 


Parallel Output, 
EO, CPSO LOW 
Figure 15 


Propagation Delay, positive going 
TOP to ORE 


TTS connected to IRF 
TOS connected to ORE 
IES, OES, EO, CPSO LOW 
TOP HIGH - Figure 16 
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FAIRCHILD TTL MACROLOGIC” 9404 
DATA PATH SWITCH 


DESCRIPTION - The 9404 Data Path Switch (DPS) is a combinatorial array for 
closing data path loops around arithmetic/logic networks such as the 9405 
(Arithmetic Logic Register Stack). A total of 30 instructions (see Table 1) 
facilitate logic shifting, masking, sign extension, introduction of common 
constants and other operations. 


The 5-bit Instruction Word (15-1) selects one of the thirty instructions 
operating on two sets of 4-bit Data Inputs (Dy-D3, Ky-K3). Left Input (LI) and 
Left Output (LO) and Right Input (RI) and Right Output (RO) are available for 
expansion in 4-bit increments. An active LOW Output Enable Input (E0) provides 
3-state control of the Data Qutputs (09-03) for bus oriented applications, 


The 9404 is a member of Fairchild's Macrologic family and is fully compatible 
with all TTL families. 


FEATURES 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


Expandable in multiples of four bits 

30 ns delay over 16-bit word 

Two 4-bit data input buses 

4-Bit data output bus with 3-state output buffers 
Useful for byte masking and swapping 

Provides arithmetic or logic shift 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Provides for sign extension 


Generates commonly used constants 
Purely combinatorial - no clocks required 


Packaged in slim 24 pin package 


Vee = Pin 24 
Gor PINIZL 


LOGIC SYMBOL 


ViP lon 


ra 


Trademark of Fairchild Camera and Instrument Corporation. 14 14 1G {8 2 Xo) 


LOADING (note a) 


PIN NAMES HIGH (ULL. ) LOW (U.L.) 
Do ~ D, D~Bus Inputs (active LOW) 0.23 

Ky - K K-Bus Inputs (active LOW) 0.23 
eee Instruction Word Input | 0.23 

LT Shift Left Input (active LOW) 0.23 

LO Shift Left Output (active LOW) 5 (note b) 
RI Shift Right Input (active LOW) 0.23 

RO Shift Right Output (active LOW) 5 (note b) 
EO Output Enable Input (active LOW) 0.23 

05- 05 Data Output (active LOW) 10 (note b) 
NOTES: 


a) 1 unit load (U.L.) = 40 HA HIGH, 1.6 ma LOW 
b) Output current measured at Voyt = 0-5V 
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TABLE 1 
INSTRUCTION SET FOR THE 9404 

NENTS = Tey FUNCTION is wee TPT. FUNCTION 

Ig lo 14 03 02 0; Og Ig 13 l2 4 'o| tO 03 O2 01 Oo 
bLo-L Ek bee te eu t | eyte mask HL LL LIRA RI RI RI RI K-Bus Sign Extend 
tL L LE L H|H H H_ H | Byte Mask H L L L HI K3 Kg Ka Ky Ko K-Bus Sign Extend 
Lo LoL HL} EL Lb LH | Minus “2” in 2s Comp!) H L LH L}RI RI RI RI RI ‘| D-Bus Sign Extend 
L LL H H[L LLL | Minus 1” in 2s Comp!) H L L H Hj}D3 D3 Dz Dy Bo D-Bus Sign Extend 
L L H L L{D3 Dog Dy Do| Byte Mask D-Bus H L H L L{D3 Dz Dy Do AI D-Bus Shift Left 
L t H L H]|H H H_H | Byte Mask D-Bus H LH L H|K3 Ko Ky Kg Ri K-Bus Shift Left 
L L H H L}D3 Dz Dy. Do] Byte Mask D-Bus HLHHL Lt D3 Dg Dy Dog|D-Bus Shift Right 
L L HH H/IL Lt L_ EL | Byte Mask D-Bus H L HH H D3 D3 Dz Dy Dg|D-Bus Shift Right Arith(2) 
tL H LL LIL H H_ H | Negative Byte Sign Mask HHLELL Li Kz Ko Ky Ko|K-Bus Shift Right 
L H Lt H|H H_ H_H |} Positive Byte Sign Mask H Hk LH K3 K3 Ka Ky Ko|K-Bus Shift Right Arith{2) 
L H L H LIK3 Kg Ky Kg] Byte Mask K-Bus HHL HL K3 Ko Ki Ko Byte Mask K-Bus 
L H LH H{tL L L_ L {Byte Mask K-Bus H H LH H H H H H Byte Mask K-Bus 
L H H L L]{D3 Dg Dy Do| Load Byte HHHLL D3 Dz Dy Dg Complement D-Bus 
L H H L H]|K3 Ko Ky Ko! Load Byte H HH LH K3 K2 Ky Kg Complement K-Bus 
L H HH L]H H H_ EL }Plus “1” HH HHL Undefined 
LH HH H/H HH H [Zero H H H HH Undefined | 

H = HIGH Level (1) Comp = Complement 
L = LOW Level (2) Arith = Arithmetic 
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Description 


The 9404 Data Path Switch combines the functions of a dual four-input multiplexer, 
a true/complement one/zero generator, and a shift left/shift right array. 


As shown in Table 1, there are two shift right modes. The arithmetic right shift 
preserves the sign bit in the most significant position while the logic shift 
moves all positions. Right shift is defined as a one-bit shift toward the least 
significant position. 


For half word arithmetic the 9404 provides instructions which extend the sign bit 
left through the more significant slices. Shift linkages are available as individual 
inputs and outputs for complete flexibility. 


The 9404 may be used to generate constants +1, 0, -] and -2 in two's complement 
notation. 


9404 ARRAYS 

Arrays of larger than 4-bit word lengths are easily obtained. Figure 1 illustrates 
a 16-bit array constructed using 4 devices; device 1 is the least significant 

and device 4 is the most significant slice. Within each slice, inputs and outputs 
with '0' subscript are the least significant bits. 


The I, through I, inputs of all devices are bussed. These four bus lines to- 
gether with the Ih inputs of the devices form an 8-bit instruction bus to control 
the array. In some applications, it may be possible to connect the I) inputs of 
devices 1 & 2 together and the ly inputs of devices 3 & 4 together, so that only 

6 bits are needed to control the arrays. Connecting the LO of device 1 to RI of 
device 2, LO of device 2 to RI of device 3, etc. provides left shift (i.e., shift 
towards most significant bit) and sign extension. From Table 1 it can be seen that 
"Sign extend" consists of two adjacent instructions differing only in Iy5 one of 
these instructions connects the most significant bit of the selected input bus (i.e., 
D. or K3) to the LO output while the other instruction forces the output bus and LO 
to the RI input. In a similar fashion right shift operation is accomplished by 
connecting the LI input of a device to the RO of the next more significant device. 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


LIMITS 
SYMBOL PARAMETER PMN GNITS TEST CONDITIONS (Note 1) 
ViH Input HIGH Voltage i ee ee ee Guaranteed Input HIGH Voltage 


Ik TO os | V Guaranteed Input LOW Voltage 
Vep ~O.9 | -15 Vcc = MIN, lin = —18 mA 
25 

VOH Output HIGH Voltage Vv Vcc = MIN = 

LO, RO ee ae eee ee 

= a Se 

VOH OulpuLniGh Voltage xr nem tat 3.4 Vv BOWS Se. Omsk Vcc = MIN 

-§ Ce" Oo 2.4 3.1 [sue oS ee ; 


Output HIGH Current 


| Sees ip 03 4 | - = 4, 
VOL Output LOW Voltage 6, OD = ; + : i aio ca 
: CC 7 ‘'OL=8. ' 


| | Shes. Pe Vec = MIN, lol =&UMA, .. 
VOL Output LOW Velie O,. - C3 loL= lo mA, 
Sheet yaa g eee he or ee pare St Sa = , ene soe ae “fo my SPS, Paes ies / ‘ 
loi Output OF Current HIGH | 50 | pA | Veg 2 Max. Vout Va ee 
ley 1 Output Of Current LOW sa! ee Ae Me Youre Tes 
he eae ai ie = 


“Vc = MAX, Vin = 2.7 V 
0.1 mA Vec = MAX, Vin = 5.5 V 


Input HIGH Current 


We Input LOW Current 7h Se {70.36 | mA | Vcc = MAX, VIN =0.4V 


Veo = MAX, Vout =0 V (Note 3) 


los ace 
Vcc = MAX, jaigsur. (ores 
Icc . 
NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 
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SWITCHING CHARACTERISTICS 


Vee aoe TA = 25°C, C. = 15 pF 
SYMBOL | PARAMETER 
tory | Propagation Delay, Data Inputs 
t (Dp-D3 Ky-Ka) to Output (0,-0.) 
PHL | 
tory | Propagation Delay, Data Inputs 
.  s | (Dy-D,»Ky-K,) to Shift Outputs LO, RO 
PHL | 
thy | eee 
‘ Propagation Delay, RI to LO 
PHL 
tory Propagation Delay, Instruction word 
t (Ip-1,) to Data Outputs (05-05) 
PHL 
tory : Propagation Delay, Instruction word 
' (I,-I.) to Shift Outputs RO, LO 
t 0 °5 
PHL 7 
|  tpzy Enable Delay, EO to Outputs 
— -0,-0. 
| yd a i 


—_—~ — — 
; Disable Delay, EO to 0 -0, 


0 
touz | 


| thz 
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FAIRCHILD TTL MACROLOGIC* 9405 


Arithmetic Logic Register Stack 


DESCRIPTION 


The Arithmetic Logic Register Stack (ALRS) is designed to implement general 
registers in high performance programmable digital systems. The device contains 
a 4-bit arithmetic logic unit (ALU), an 8 word by 4-bit RAM, and associated 
control logic. The ALU implements 8 arithmetic and logic functions where one 
4-bit operand is supplied from an external source (input data bus) and the 
second 4-bit operand is supplied internally from one of the 8 RAM words selected 
by the Address Inputs (Ay-A5) The result of the operation is loaded into the 
same RAM location and simultaneously, is loaded into the output register making 
it available at the 3-state output data bus. 


The 9405 operates on four bits of data but features are provided for expansion 

to longer word lengths. Carry Propagate & Carry Generate outputs are provided 
for an external carry lookahead where maximum operating speed is required. In 
applications where high speed arithmetic is not needed, ripple expansion may also 
be implemented. The 9405 provides three status signals Zero, Negative and Over- 
flow to qualify the result of an operation. The 9405 is a member of Fairchild's 
Macrologic family and is fully compatible with all TTL families. 


FEATURES 


Eight general registers/accumulators in a single package 
High speed - 10 MHz Microinstruction rate 

Expandable in multiples of 4 bits 

Provides for ripple or lookahead carry 

Implements 64 microinstructions 

Provides status - zero, negative, and overflow 

Three state outputs 

24 pin package 


*A Trademark of Fairchild Camera and Instrument Corporation. 
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9405 


; | | | LOADING (note a 
LEAD NAMES HIGH(U.L. ) LOW(U.L.) 


Data Inputs (active LOW) 0.23 
Address Instruction Inputs 0.23 
Ih ALU Instruction Inputs (note b) 0.23 
MSS Most Significant Slice Input (active HIGH) 0.23 
cP Clock Input 0.23 
£0 Output Enable Input (active LOW) 0.23 
EX Execute Input (active LOW) 0.23 
0, - Data Outputs (active LOW) 10 
W Ripple Carry Output (active LOW) (note c) 5 
X Carry Propagate Output (note d) | 10 5 
Y Carry Generate Output (note e) 10 10 
Z Zero Status Output (active HIGH, Open | (note f) 5 


Collector) 


NOTES: 
a) 1 unit load (U.L.) = 40 wa HIGH, 1.6 ma LOW (0.5V). 


b) Ih used also for Carry Input on lesser significant slices. 

c) W Output also carries instruction information. 

d) X Output provides Negative Status (active LOW) on most significant slice. 
e) Y Output provides Overflow Status (active LOW) on most significant slice. 


f) An external pull-up resistor is required to supply HIGH level drive 
capability. 


4o- 


seg 9405S BLOCK DIAGRAM 
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. @ WE Dg D, Do D3 iN 
0 Ao Y 
Dy A, 8X4RAM 
Dy A2 
5, @ QA O1 A 93 


Vobp= Pin 24 
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INTERNAL OPERATION 
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Rx plus D-Bus plus 1 + Rx NOTES: : 
Rx plus D-Bus > Rx 1. Rx is the RAM tocation addressed by Ao-Az2. 
Rx » D-Bus > Rx (Logic AND) 2. The result of any operation is always loaded into 


D-Bus > Rx the Output Register. 
Rx > Rx 

Rx + D-Bus > Rx (Logic OR) 

Rx © D-Bus > Rx 

D-Bus» Rx 
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LOGIC SYMBOL CONNECTION DIAGRAM 
DIP (TOP VIEW) 
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FUNCTIONAL DESCRIPTION - As shown in the Block Diagram the 9405 Arithmetic Logic 
Register Stack (ALRS) consists of a 4-bit ALU, an 8-word by 4-bit RAM with out- 
put latches, an instruction decode network, control logic, and a 4-bit Output 
Register. 


The ALU receives the active LOW input data (Dp - D3) as one operand while the 
RAM provides the second operand through latches. The ALU output is stored in 
both the RAM and output register. The active LOW output data bus (05 - 03) is 
obtained from the output register through 3-state buffers. An active LOW Out- 
put Enable (EO) input controls these buffers; a HIGH level on EO disables them 
(high impedance state). 


The instruction bus for the 9405 consists of two fields, A and I; Ay - Ao specify 
the desired location of the RAM and Ip - I, specify the desired function to be 
performed. Table 1 lists Instruction Field Code assignments. Thus, the 9405 
provides eight registers (Ry - Ro) and eight different operations may be performed 
on any of these registers. The Iy - I, inputs are decoded by the instruction 
decode network to generate necessary control signals for the ALU. The ALU also 
generates and transmits to the control logic the following signals: Carry Out, 
Carry Propagate, Carry Generate, Negative Status and Overflow Status. The 
control logic manipulates the status signals as a function of I) - I, and a 
control input MSS. A HIGH level on the MSS input declares the most significant 
slice in a 9405 array (the diode-input on MSS allows it to be tied directly to 
Vec)- All devices, except the most significant 9405 should have a LOW level 
(ground) on the MSS input. The control logic generates three device outputs, W, 
X and Y for arrayed operation. An all zero result from the ALU is decoded and 


presented at the open collector Zero Status (Z) Output. 


The Ih input serves a dual purpose: for arithmetic instructions, it is used as 
the carry input and for non-arithmetic instructions it serves as an instruction 
input. This is possible because only two arithmetic instructions require carry. 
The dual purpose use of I) plays an important role in 9405 expansion schemes. 


OPERATION - The 9405 operates on a single clock. CP and EX are inputs to a 
2-input active LOW AND gate. A microcycle starts as the clock goes HIGH. For 
normal operation the Execute (EX) is LOW. Data is read from the RAM through 
enabled latches and applied as one operand to the ALU. Data inputs (Dp - D3) 

are applied to the ALU as the other operand and the operation as determined by in- 
struction lines Ip - I, is executed. When CP is LOW, the latches are disabled 
and the result of the operation is written back into the RAM provided that EX 


42, 


is LOW. The A lines must obviously be held stable during this time. On the 
LOW-to-HIGH CP transition, the result of the operation is loaded into the 
output register and a new microcycle can start. If EX is held HIGH, the 
operation selected by the I and A inputs is performed, but the result is not 
written back into the RAM and is not clocked into the output register. 


9405 ARRAYS - The 9405 jis organized to operate on a 4-bit wide data bus but 
can easily be expanded for longer words. Expansion requires that carries from 
lesser significant slices be propagated towards the most significant slice. 

The 9405 provides full lookahead capability for high speed arithmetic. Approp- 
riate Carry Generate (Y) and Carry Propagate (X) outputs are provided so that 
only one external carry lookahead generator is needed for every four 9405's. 
When speed is not a prime consideration, it is possible to implement ripple 
carry expansion. 


In arrayed operation, it is common to bus the EX, CP and EO inputs of all devices. 
The Z output is open collector and is normally OR-tied with the other devices and 
to an external load resistor so that a HIGH level indicates a zero result from | 
an operation in the array. 


Figure 2 shows a ripple carry 16-bit wide array using four 9405's. The MSS input 

is tied to VCC on the most significant slice (ALRS 4); the MSS input of the other 
devices are tied to ground. The instruction bus of this array consists of A-Field 
and I-Field. A-Field is obtained by connecting corresponding A inputs of all 4 
devices. The I) input of device 1 (i.e., least significant slice) in conjunction 
with the bussed IL, I, inputs forms the I-Field for the array. The Ip inputs of 
devices 2, 3 and 4 are connected to the W outputs of devices 1, 2 and 3 respectively. 
The ALU network generates the carry propagate output. The control logic operates on 
this signal as a function of 1, and I, to generate the W output. If both I, and I, 
are LOW (i.e., an arithmetic instruction), the W output is the carry output of that 
slice. In case of non-arithmetic instructions, it assumes the State of the Ig input. 
Thus, in Figure 1, if an arithmetic instruction is specified, carry propagates 
through the W output to Ih input of the next higher significant slice. On the other 
hand , non-arithmetic instructions effectively connect all Ig inputs together to 
form the I-Field for the array. The W output of device 4 is the carry output from 
the array. The control logic also generates X and Y outputs which participate in 
expansion when full lookahead carry is required. These outputs are normally ignored 
in ripple expansion except for the most significant slice. In the most significant 
Slice, X and Y correspond to Negative and Overflow status signals. 
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Thus, X output of Device 4 is LOW, if the result of an operation has its 

most significant bit as "I" (i.e., negative result). Similarly a LOW level on 

Y output of device 4 indicates that arithmetic overflow has occured. If the 

two operands have the same sign and the result has opposite sign, then it is 

assumed that an overflow has occured. It should be noted that W, X and Y are 

not controlled by EX or CP. Figure 2 shows a 16-bit array with full carry look- 
ahead expansion. Implementation of the lookahead scheme requires the use of 

an external 93842/74S182 in addition to the four 9405's in the array. Since 

Device 1 is the least significant and device 4 is the most significant slice, the 
MSS inputs of the first three devices are connected to ground while device 4 has 

a HIGH level at this input. The A-Field for the array instruction bus is obtained 
by connecting corresponding A inputs of all four devices. Bussed I, and I, inputs 
together with the Ip input of device 1 form the I-Field for the array. The Ip 
inputs for devices 2, 3 and 4 are obtained from the 93S42/74S182 Carry Outputs 
(Cn+x, Cnty, and Cnt+z respectively). Also the P and G inputs of 93S42/74S182 

are connected to X and Y outputs of the 9405's as shown. The control logic in 

the 9405 (see Block Diagram) generates X and Y outputs as a function of LL» I, 

and MSS inputs as well as the Carry Generate and Carry Propagate outputs of the 

ALU. If the MSS input of a slice is LOW and an arithmetic instruction is specified, 
its X output reflects Carry Propagate and Y reflects Carry Generate outputs 

from that slice. For an arithmetic instruction the Ih input is treated as 

carry-in into a slice irrespective of MSS. Thus, whenever I, and I, are LOW, 

the array behaves as an adder with full carry lookahead. The W outputs still re- 
flect carry output, which is ignored for devices 1, 2 and 3. The W output of device 
4 is the carry output from the array. Also, note that the Ig input of device 1 is not 
only an instruction input but also provides the carry input to the array so the 

Ip input of device 1 must be connected to the appropriate 93S42/74S182 input as 
Shown. 


When a non-arithmetic instruction is specified to the array, the control logic of 
the 9405 forces a LOW level on X and a HIGH level on Y outputs on all except the 
most significant slice. An examination of the 93842/74S182 logic reveals that 
whenever P is LOW and G is HIGH the associated carry output is the same as the 

carry input. Thus, in Figure 2, devices 2, 3, and 4 will assume the logic level 

as that presented to the Ip input of device 1 during non-arithmetic instructions 
effectively bussing Ip through all four devices. As in the case of ripple expansion 
X and Y outputs of device 4 represent Negative and Overflow from the array. 
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9405 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE ee ee otherwise noted) 


PF uimits 
SYMBOL PARAMETER TYP UNITS TEST CONDITIONS (Note 1) 
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NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 


SWITCHING CHARACTERISTICS (see Figure 1) 9405 
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SWITCHING SET-UP REQUIREMENTS (see Figure 1) 9405 


Voc = 5V, TA = 25°C, C, = 15 pF 
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FAIRCHILD TTL MACROLOGIC* 9406 
PROGRAM STACK 


DESCRIPTION - The 9406 is a 16 word by 4-bit "Push Down-Pop Up" Program Stack. 

It is designed to implement Program Counter (PC) and return address storage for 
nested subroutines in programmable digital systems. The 9406 executes 4 in- 
structions: Return, Branch, Call, and Fetch as specified by a 2-bit instruction. 
When the device is initialized, the program counter (PC) is in the top location 

of the Stack. As a new PC value is “pushed" into the Stack (Call Operation), all 
previous PC values effectively move down one level. The top location of the Stack 
is the current PC. Up to 16 PC values can be stored, which gives the 9406 a 15 
level nesting capability. "Popping" the Stack (Return Operation) brings the most 
recent PC to the top of the Stack. The remaining two instructions affect only - 
the top location of the Stack. In the Branch operation a new PC value is loaded 
into the top location of the Stack from the Do - D3 inputs. In the Fetch operation, 
the contents of the top Stack location (current PC value) are put on the Xg - X3 
bus and the current PC value is incremented. 


The 9406 may be expanded to any word length without additional logic. Three-State 
Output drivers are provided on the 4-bit Address Outputs (Xq - X3) and Data Out- 
puts , (05 - 03)5 the X-bus outputs are enabled internally during the Fetch in- 
struction while the 0-bus outputs are controlled by an Output Enable (E0,). Two 
status outputs, Stack Full (SF) and Stack Empty (SE) are provided. The 9406 is a 
member of Fairchild's 9400 Macrologic family, and is fully compatible with al] 
TTL families. 


FEATURES 
16 word by 4-bit LIFO 


15 level nesting capability 

Relative addressing capability 

10 MHz Microinstruction Rate 

Program Counter loadable from data bus 

Optional automatic increment of program counter 
Stack limit status indicators 


24 pin package 
Three State Outputs 


*A Trademark of Fairchild Camera and Instrument Corporation. 


LOADING (note a) 


LEAD NAMES HIGH (U.L.) LOW (U.L.) 


Data Inputs (Active LOW) 0.5 0.23 
Instruction Inputs 0.5 0.23 


Execute Input (Active LOW) 0.5 0.23 
Clock Input 0.5 0.23 
Master Reset Input (Active LOW) 0.5 0.23 
Carry Input (Active LOW) 0.5 0.23 


Output Enable Input (Active LOW) 0.5 0.23 
Output Data Outputs (Active LOW) 130 10 (note b) 
Address Outputs 130 10 (note b) 


Carry Output (Active LOW) 10 5 (note b) 
Stack Full Output (Active LOW) 10 5 (note b) 
Stack Empty Output (Active LOW) 10 5 (note b) 


a. 1 unit load (U.L.) = 40 va HIGH, 1.6 ma LOW. 
b. Output current measured at Vout = 0.5V 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


LOGIC SYMBOL 
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Vop = Pin 24 
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TABLE I 
INSTRUCTION SET FOR THE 9406 


Depending on the relative timing 
EL Return (Pop) Decrement Stack Pointer Disabled 


of EX and CP, the outputs will 
L oH Branch (Load PC) 


reflect the current program counter 
or the new value while CP is Low. 

When CP goes High again, the output 
will reflect the new value. 


Current Program Counter until CP 
goes High again, then updated with 
newly entered PC value. 


Load D-Bus into current Disabled 


Program Counter location 


Depending on the relative timing 
of EX and CP, the outputs will 
reflect the current program counter 
or the previous contents of the 
incremented SP location. When CP 
goes HIGH again, the outputs will 
reflect the newly ‘entered PC value. 
See Figure 9 for details. 


Increment Stack Pointer & Disabled 
Load D-Bus into new Program 


Counter location. 


H L Call (Push) 


Current Program 
Counter while both 
CP & EX are LOW, 

disabled while CP 
or EX is HIGH 


Current Program Counter until CP 
goes HIGH again, then updated with 
incremented PC value. 


Fetch 
(Increment PC) 


Increment current Program 
Counter if CI is LOW 


-—c 
i 


HIGH Level 
LOW Level 


ro 
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FUNCTIONAL DESCRIPTION - As shown in the Block Diagram, the 9406 consists of an 
input multiplexer, a 16 X 4 RAM with output latches addressed by the Stack Pointer 
(SP), an incrementor, control logic, and output buffers. The 9406 is organized 
around three 4-bit buses; the Input Data Bus (Dp - D3), Output Data Bus (0) - 03) 
and the Address Bus (Xp - X). The 9406 implements 4 instructions as determined 

by inputs Ip and I,. (see Table I). The O-Bus is derived from the RAM output 
latches and enabled by the active LOW Output Enable (E0)) input. The X-Bus is 

also derived from the output latches; it is enabled internally during the Fetch 
instruction. Execution of instructions is controlled by the Execute (EX) and clock 
(CP) inputs. 


FETCH OPERATION - The Fetch Operation places the content of the current Program 
Counter (PC) on the X-Bus. If the Carry In (CI) is LOW, the current PC is incre- 
mented in preparation for the next Fetch. If CI is HIGH, the value of the current 
program is unchanged, (Iterative Fetch). 


The instruction code is set up on the I lines when CP is HIGH. The active level 
LOW Execute (EX) is normally set up at this time as well. The control logic inter- 
prets Ip and I, and selects the incrementor output as the data source to the RAM 
via the input multiplexer. The current PC value is loaded into the latches and 

is available on the 0-Bus if EQ, is LOW. When CP is LOW the output latches are 
disabled from following the RAM output, when both CP and EX are low, buffers are 


enabled, applying the current PC to the X-Bus. The output of the incrementor is 
written into the RAM during the period when CP and EX are LOW. If CI is LOW, the 


value stored in the current PC, plus one, is written into the RAM. If CI is HIGH, 
the current PC is not incremented. Carry Out (CO) is LOW when the contents of the 
current PC is at its maximum, i.e., all ones and the carry in (CI) is LOW. When 
CP or EX goes HIGH, writing into the RAM is inhibited and the Address Buffers 
(Xo - X3) are disabled. 
BRANCH OPERATION - During a Branch Operation, the Data Inputs (Dp - LF) are loaded 
into the current program counter. 


The instruction code and the EX input are set up when CP is HIGH. The Stack Pointer 
remains unchanged. When CP goes LOW (assuming EX is LOW) the D-Bus inputs are written 
into the current PC. The X-Bus drivers are not enabled during a Branch Operation. 


CALL OPERATION - During a Call Operation the content of the data bus is loaded into , 
the top location of the stack and all previous PC values are effectively moved down 
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One level. 


The Instruction code and the EX input are set up when CP is HIGH. When EX is 
LOW, a "one" is added to the Stack Pointer value thus incrementing the RAM 
address. Since the output latches go to the nontransparent or store mode when 

CP is LOW, the O-Bus outputs while CP is LOW will reflect the RAM output at the 
CP negative going transition. If EX goes low considerably before CP goes LOW, 
the O-bus will correspond to the previous contents of the incremented RAM address 
after CP goes LOW. If CP goes LOW a very short time after EX, the O-bus will 
remain unchanged until the LOW to HIGH transition of CP. 


When CP is LOW (assuming EX is LOW) the D-Bus inputs are written into this new 
RAM location. On the LOW-to-HIGH CP transition, the incremented Stack Pointer 
value is loaded into the Stack Pointer Register and the O-bus outputs reflect 
the newly entered data. When the RAM address is "1111" the Stack Full output 
(SF) is LOW, indicating that no further Call operations should be initiated. 
If an additional Call Operation is performed SP is incremented to (0000), the 
contents of that location will be written over, SF will go HIGH and the Stack 
Empty (SE) will go LOW. 


The X-Bus drivers are not enabled during a Call Operation. 


RETURN OPERATION - During the Return Operation the previous PC is "popped" to 
become the current PC. 


The instruction is set up when CP is HIGH. When EX is LOW, a “one" is subtracted 
from the Stack Pointer value, thus decrementing the RAM address. If EX goes LOW 
considerably before CP goes LOW, the O-bus will correspond to the new value after 
EX goes LOW. If CP goes LOW a short time after EX, the O-bus will remain unchanged 
until the LOW to HIGH transition of CP. 


On the LOW-to-HIGH CP transition the decremented Stack Pointer value is loaded into 
the Stack Pointer Register and the O-bus outputs correspond to the new "popped" 
value. 


The X-Bus drivers are not enabled during a return operation. 

When the RAM address is "0000", the Stack Empty output (SE) is LOW, indicating 

that no further return operations should be initiated. If an additional Return 
operation is performed, SP is decremented to "1111", the SE will go HIGH and the 
Stack Full output (SF) will go LOW. Operation of the active LOW Master Reset (MR) 
causes the SP to be reset and the contents of that RAM location (0000) to be cleared. 
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The Stack Empty (SE) output goes LOW. This operation overrides all other inputs. 


MULTIPLE 9406 OPERATION - The 9406 may be expanded to any word length in multiples 
of 4 without external logic. The Connection for expanded operation is shown in 
Figure 1. Carry In (CI) and Carry Out (CO) are connected to provide automatic 
increment of the current program counter during the Fetch Operation. The CI input 
of the least significant 9406 is tied LOW to ground, 


If automatic increment during Fetch is not desired, the CI input of the least 
Significant 9406 is held HIGH. 


DATA INPUT 
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FIGURE 1. 9406 EXPANSION A 16 BY 12 PROGRAM STACK 


*Tie to Voc. to disable automatic increment. 
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9406 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 
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OTES: 
For conditions shown as MIN or MAX, use the appro 
device type. 
Typical limits are at Voc = 5.0 V, Ta 25°C. 
Not more than one output should hee shorted at a time. 


priate value specified under recommended operating conditions for the applicabie 
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SWITCHIN'S SET UP REQUIREMENTS - ALL MODES OF OPERATION 
Voc = 3V, Ta = 25°C, Cy = 15 pF 
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MIN 

tcw Clock Period | [go 

bay Clock Pulse Width (HIGH) | [40 

— F Clock Pulse Width (LOW) aa 

| fo | 


Set Up Time, EX to CP 


=- = 
> % en 
m 

S| x< 


oS ~~) 


Hold Time, EX to CP 


to negative 


ih tl Set Up Time, loy L, 


going clock 


Hold Time, | F to positive going clock 


0’ 
Set Up Time, Cl to negative going clock 


Oe 6 eee CeO NES kere OTe GeNTS SSS ONS S Owens Om 


Hold Time, Cl to positive going clock 


=p 
= 
© 


td Set Up Time, Do” D, 


t, ,D Hold Time, D5 D. to positive going clock 


to positive going clock 


MR pulse width (LOW) 


“— 

z 
5 
wv 


an 
7 


teec to negative going clock 


vet 


9406 


UNITS 


COMMENTS 


FIGURE 2 


FIGURE 3 


FIGQRE 2 
WAVEFECRMS FoR ALL @FRERATIDNG. 


REFER To INDIVIDUAL TIMING 
EACH 


DIAGRAMS Fee 
PPEPATION “TO DETERMINE OUTPUT RESPONSE 


AIOE IO LARC NP PTO Oe 


Fieéver = RESET G@PFERATLON 


eI REPLACE Ka, I) IIS RON ENC TRA REVERS! GD OR RENAE AG EET OS] AACE BAEC MIMS HONE 


FIGURE 4&4 - CARRY IN “ID CARRY SUT 


59 


SWITCHING CHARACTERISTICS - ALL MODES OF OPERATION 
Vcc =5V, Ta = 25°C, C, = 15pF 


LIMITS 
SYMBOL PARAMETERS UNITS COMMENTS 
MIN 
tpLH Propagation Delay, Carry In 
tpHL CI to Carry Out CO FIGURE 4 
tpLH Propagation Delay, positive 
tpHL going to CP to carry out CO FIGURE 5 
tpLH Propagation Delay, negative 
tpHL going EX to carry out CO FIGURE 6 
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE BRANCH (LOAD PC) OPERATION 
Veco =5V, T, = 25°C, C, = 15 pF 


LIMITS 
SYMBOL PARAMETERS UNITS COMMENTS 
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE CALL (PUSH) OPERATION 


Voc = 5V, Ty = 25°C, CL = 15pF (FIGURE 9) 


SYMBOL 
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tpHL 


tpLH 
tpHiL 


us 


th 


ts] EX 
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LIMITS 


PARAMETERS UNITS 
Propagation Delay, Postive going 
CP to new value of 0, - 0, 
0 3 
Propagation Delay, Negative going 
EX to intermediate value of 9% - 0, 


Propagation Delay, Negative 
going EX to SE, SF. 


Set up time, negative going EX to = 
Hold time, positive going CP to lor 


Set up time, EX to negative going = which 
guarantees intermediate data on 05793 while CP 
is LOW, 


Set up time, EX to negative going CP which guaran- 
tees no change in 0p -0, while CP is LOW 


Hold time, positive going CP to positive going x 


Set up time, D, - Dd, to positive going CP 


Hold time, positive going CP to Dy - D, 


COMMENTS 


E09 LOW, Set up requirement t 31 EX 
must be met (see below) 
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE RETURN (POP) OPERATION. SEE FIGURE 10 
Vcc =5V, Ta = 25°C, CL = 15pF 


YY MBOL 


L7 


tpLl 
tpHL 


tpLH 
tpHL 


tpLH 
tpHL 


PARAMETERS NITS 


= 
> 
= 
EE 
| 
7) 
E 
fi 
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Set up time, negative going EX to lor I, 


Hold time, positive going CP to lo I, 
Set up time, EX to negative going CP which 
guarantees the new value on 05703 while CP is LOW 
Set up time, EX to negative going CP. Either. 1.9 
EX or t.3 EX must be met for proper operation. 


sa 


Set up time, EX to positive going CP. Either t.3E 
or t.9 EX (above) must be met for proper operation. 


COMMENTS 


EO, LOW 


EO, LOW, set up requirements 
t,; EX must be met (see below) 
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE FETCH OPERATION. 
aes = ° — 


SYMBOL 
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tpLH 
tpHL 


tpZ2L 
tpZH 


LIMITS 
PARAMETERS UNITS COMMENTS 
Propagation delay positive going CP EO), Cl LOW, FIGURES 13 & 14 
to incremented value of 9, - 0 
0. 3 
Turn on delay, from CP or EX, EO, LOW, FIGURES 11, 12, 13, 14 
whichever goes LOW last to Xo - X., 
Set up time, lov I to negative going EX Poe ns FIGURES 11, 12, 13, 14 


Hold time, lye | 


u to CP or EX whichever goes 
HIGH first. 


Set up time, negative going EX to positive going CP =a 
Negative going Cl to Positive going CP Ld 


Iterative fetch, Figures 11 & 12 


pfs Fetch with Increment, Figures 13 & 14 


FIGURE SI ITER ATIVE FETCH 
CONDITIONS | EG LOW, CP GOES HibH BEKCRE EX 


LoL, i = 


> a 


Xo- aoe 


Notes 

L Xo7X%3 TURN On DELAY MEASURED FIROM FiArE S807H 
EX AND CP Ge Low 

Z, Xo —~X3 TUM OFF PELAYL MEASURED Freeh TIME EITHER 
Ex ©R CP GeES H/éH 
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FIGURE 12 ITERATIVE FETCH 
CONDITIONS’ EO, “ou, EX 60ES Hitt BEFOKE CP 


= Se ir th 


Lo, L£, : Iv A3y 


+d, ty 
Les | 
CL a 
eee te = 
CP | | L3yV 
oo- By 
Xp Xz —— 
NOTES 


lL, Xo-% TURN ON DELAY MEASURED Fort TINE BeTH 
Ex ANDO CP 602 Low 7 


2. Xp- Xx TURN CFE DEAE MEASURED FReAA TIVIE 
EivHe2 Ex cR CP GOES WIEH 


7h 


FIECRE (3 FPETCH WV7H s+REENT FC. 
COMOITIONS ; EQ, Low, CF Goes NIGH GEFCRE EX 


a-&, CURRENT yreug, | Br IACREMENTED VALVE 
at tp2, Meret CALE pug MOTE 2. 


S aaathaeestenenes aren tomel 


epee | tHe 
Xo-X3 _WIbH IMPEDANCE \- CveRenT ae st Wel (HHPEOANCE 


AWTES + 
1, Nor Xz TURM OM DELLA MIEASLRED FF ROKr, TIME BeTH 
EX AWD GP Go Lew 


2; Xo~ NX, THR CFF LELAR FIEASURED FreeKI TIME 
EITHER EX OR CA Gees Hléd 


172 


EVGULE  /$- 
KETOH OFERATION 4TH INCREMENT FC 
ODMOITIENS? EQ, Lou, EX 60E8 Wher!) BEFORE CP 


“LBW INCREMENTED 
) VALUE 


NOTES 


Lt Nyy = TURN EN LEELA JICASURED Fier, THE 
TIME Bett EX AO CP Go Lou! 


Zi knw Kg TURN CAM ORLA = PIEASCYEED FRE THE 
THE EITHER EX CR CP 60 With, 
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FAIRCHILD TTL MACROLOGIC 9407 
DATA ACCESS REGISTER 


DESCRIPTION - The 9407 Data Access Register (DAR) performs memory address 
arithmetic for RAM resident stack applications. It contains three 4-bit registers 
intended for program counter (Ry) » stack pointer (R,)> and operand address (Ro). 
The 9407 implements 16 instructions (see Table 1) which allow either pre or post 
decrement/increment and register-to-register transfer in a single clock cycle. 

It is expandable in 4-bit increments and can operate at a 10 MHz microinstruction 
rate on a 16-bit word. The 3-state outputs are provided for bus oriented 
applications. The 9407 is a member of Fairchild's Macrologic family and is 

fully compatible with all TTL families. 


FEATURES 


High Speed - 10 MHz Microinstruction Rate 
Three 4-bit Registers 

16 Instructions for register manipulation 
Two separate output ports, one transparent 
Three state outputs 

Optional pre or post arithmetic 

Expandable in multiples of 4-bits 


Slim 24 pin package 


FUNCTIONAL DESCRIPTION - The 9407 contains a four bit slice of 3 registers (Ry - Ro) s 
a four bit adder, a 3-state address output buffer (Xy - X3)» and a separate output 
register with 3-state buffers (05- 03). allowing output of the register contents 

on the data bus (refer to the Block Diagram). The DAR performs 16 instructions, 


selected by I) - I,, as listed in Table 1. 


OPERATION - The 9407 operates on a single clock. CP and EX are inputs to a two 
input, active LOW AND gate. For normal operation EX is brought LOW while CP is 
HIGH. A microcycle starts as the clock goes HIGH. Data inputs Do - dD, are applied 
to the Adder as one of the operands. Three of the four instruction lines (I, 1,514) 
select which of the three registers, if any, is to be used as the other operand. 

The LOW-to-HIGH CP transition writes the result from the Adder into a register 

(Ry - Ro) and into the output register provided EX is LOW. If the Ih instruction 
input is HIGH, the multiplexer routes the result from the Adder to the 3-State 
buffer controlling the address bus (Xp - X,) independent of EX and CP. If Iy is 


*A Trademark of Fairchitd Camera and Instrument Corporation 
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LOADING (note a) 


LEAD NAMES HIGH (U.L.) LOW (U.L.) 

Dy - D, Data Inputs (active LOW) 0.5 0.23 

Ip - I, Instruction Word Inputs 0.5 0.23 

cI Carry Input (active LOW) 0.5 0.23 (note b) 

co Carry Output (active LOW) 10 5 

cP Clock Input (L > H Edge Triggered) 0.5 0.23 

EX Execute Input (active LOW) 0.5 0.23 

EO, Address Output Enable Input (active LOW) 0.5 0.23 

E0, Data Output Enable Input (active LOW) 0.5 0.23 

Xo - Ky Address Qutputs : 130 | 10 (note b) 

05 - 0. Data Outputs (active LOW) | 130 10 (note b) 
NOTES: 


a) 1 unit load (U.L.) = 40 pA HIGH, 1.6 ma LOW. 


b) Output current measured at V = 0.5V. 


OUT 


LOW, the multiplexer routes the output of the selected register directly into the 
3-state buffer controlling the address bus (Xo - Xo) independent of EX and CP. 


34707 ARRAYS - The 9407 is organized as a 4-bit register slice. The active LOW 
CI and CO lines allow ripple-carry expansion over longer word lengths. 


APPLICATIONS - In a typical application, the register utilization in the DAR may 

be as follows: Ro is the program counter (PC), Ry is the stack pointer (SP) for 
memory resident stacks and Ro contains the operand address. For an instruction 
fetch, PC can be gated on the X-bus while it is being incremented (i.e., D-bus = 1). 
If the instruction fetched calls for an effective address for execution, which is 
displaced from the PC, the displacement can be added to the PC and loaded into Ro 
during the next microcycle. 


LOGIC SYMBOL 


23" 4 5 21°19 17 15 


TABLE 1 eee ee ae oe 
INSTRUCTION SET FOR THE 9407 Benn ay 
6 —Of c0, Stat  ¢ 


22 ——O £0, 
cp DA q 


OF EX 


INSTRUCTION | COMBINATORIAL FUNCTION | SEQUENTIAL FUNCTION OCCURRING 
Wg 12 to AVAILABLE ON THE X-BUS ON THE NEXT RISING CP EDGE 


L 


| LOW Level 


H = HIGH Level 


X9 X1 X> Xz Og 0, 0, O 
a 0 X1 X2 X3 0g 0; O Og 
R . : R 9 Rg plus D plus Cl > Rg and O-register oo Oo 6 
L L L H Rg plus D plus Cl ; 
8 9 10 11 20 15 16 14 
R 
Pe cleo Rg plus D plus Cl > Ry and O-register 
L L H H | Roplus D plus Cl 
R 
Ss H . : 0 Ro plus D plus CI > Ra and 0-register Vop = Pin 24 
L H L H | Roplus D plus Cl Vss = Pin 12 
R 
L a ‘ e 1 R 1 plus D plus Cl > Ry and O-register 
L H H H R plus D plus Cl 
TH L L L R92 CONNECTION DIAGRAM 
D plus Cl > Ro and 0-register DIP (TOP VIEW) 
H bt -~L H| Dplusct . 
H L H L R 
0 D plus Cl > Rg and 0-register 
H L H H | Doplus Cl 
L | R : 
‘ 2 R., plus D plus Cl> Ro and O-register 
H H Lt. H 1 Ro plus D plus Cl 2 
L | R 
a nt . 1 D pius Ci Rq and O-register 
H H H H | Oplus Cl 


NOTE: 


The Flatpak vérsion has the same 
pinouts (Connection Diagram) as the 


Dual In-Line Package. 


Or 
9407 ©pn750@% tz 
DATA ACCESS REGISTER 


BLOCK D/H 
(). © © 
@z., INSTRUCTION B; B, 8, B, Az Az Ar Ao er 
@Qiz DECODER. Binary Adder 
(5)23 ENCODE Ce 
TCP 
OFX 


P4-Bit Reg (Re 
Q3 Q2 Q, Go 


[ 
10 Le Tyg Tin Too Toe Toglog 
Cp 4-B:T Req Quad Ceinpvt MUX 


@ Eo, ee > a lO Veg= Pin 24 
me ae ENDS PIs 2 


uc }-—_}+-_— C) = Pin’ NuMBER 
gS? ALY, V szisziszisz 


D; D, D, Do 


O, Oz X z X, Xo 
CS 6 SS BH 


9407 


DC CHARACTERISTICS OVER SRE AUNS TEMPERATURE RANGE Tat otherwise noted) 


f uimits 
SYMBOL PARAMETER : ( 


Vin _Input HIGH | _InputHIGH Voltage | 2.0 2.0 ee Guaranteed Input HIGH Voltage. 
XM 0.7 : 
Ee ae ree a Giisconieed (sic LOW Veloce 


Vit Input LOW Voltage 
= fare pee ¥ | Voo=MIN, Jon = 4008, 


la =-2,.0mA_ OmA | 


Vcc? val 
' low e752 rA |e 5.2 mA |e 


VoL = Qutput LOW Voltage, Ae 

= : ne rea Sale - . si 
loz | ~“Qutput Off Current HIGH | aa : aA “Vers = me = MAX, x Vor. ae Vv, Ve OS 
suns teow a : . . , i 4 oN 
te: | Output Off Current LOW ns te, LS = : uh Veo * MAX, YOU a) 8 V, Ve Oey 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under re. ¢mmended operating conditions for the applicable 


device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
3, Not more than one output should be shorted at a time. 


se 


Ll 


toLy 
Ee 
ee 


t , ed, ee 
,PLz Disable Delay, EO, to Oo» 0 


SWITCHING CHARACTERISTICS 
Pe = 95° z 
Voc = SV. TA= 25°C, C = 15 pr 


PARAMETER MIN | TYP MAX UNITS COMMENTS 
Propagation Delay, Positive Going = 
0, EOg LOW Figure 1] 
pons EQ, LOW, Ig LOW Figure 5 


Internal CP to 05- 0, (note) 
EOy LOW, Ig HIGH Figure 5 


SYMBOL 


tPLH 
tPHL 


tpLy 
PHL 


t 

teal Instruction Code - I, - Iz to X - Xy 
‘LH Positive going Internal clock 

PHL to Xo - X3 

teLH Positive going Internal clock 
CPHL £0Ag AG 

tory Propagation Delay, Data Inputs ta 
SoHE eres 
‘PLH Propagation Delay CI to X, - X 
tou Pag y 0 3 
tou Propagation Delay Ip to Xo ” X3 
torn Propatation Delay, positive going 
tpHL internal clock to CO 


‘PL Propagation delay, CI to CO 


—d NO 
oo > 


Instruction Code - I, - I, to Xo - X3 


Fels 


EO, LOW, I HIGH Figure 2 


Ig HIGH, 1] - 13 STABLE | 


EO, LOW Figure 2 


Powe 
Fores 


t ; 
PLH Propagation delay, Data Inputs Figure 4 


tou Do - D3 to CO 


ns 
ns 
ns 
ns 
ns 
Ea 
tDLH Propagation delay, Instruction Inputs 
PHL Ty - I3 to CO 
pm 


tp7ZH Enable Delay, EO to Outputs 
tpzi 0p - 033 EOy to Xp - X3 


Figure 5 


PHZ EQy to Xg - X3 


Oy 


SWITCHING SET-UP REQUIREMENTS 
Vec = 5V. TA - 25°C. Cy = 15 pF 


Internal Clock Period (note) 


towH Internal Clock pulse width (HIGH) (note) 
Internal Clock pulse width (LOW) (note) 


Set up time, Ig - I3 to negative 
going internal clock 


Hold Time, Ig - 13 to positive 
going internal clock 


Set up time, Dg - D3, 
going internal clock. 


CI to: negative 


Hold Time, Do - D3, 
going internal clock. 


CI to negative 


Set up time, CI to positive going 
internal clock 


tyl Hold Time, Cl to positive going 
Internal Clock ns 


NOTE: The internal clock is generated from CP and EX. The internal clock is HIGH 
if EX or CP is HIGH, LOW if EX and CP are LOW. 


7 IPAM E. 


FIEURE | — DIAGRAM 
COMMUITIONS | EQ, Lou 


| path 


DOK — 1,3v 


4-43 TIS 
mame aR a tC A 
pas s cae YY 
B, - 2, a 34 
a7 
ay 


1M TEeMAC —~°0OCOCO*~CS«TCSTS ~ evermore cbarmunirnanen ethene ene Ms Stn OA am em Nana eam wens BN tN ee 
CLcek (MOTED Serene 


b, -O; a en Saal 


Xo~ x3 


Xn7 Xs 


AN OA APS nL ACLU AMO OF ANCONA OO RANE IK ON AEN mea Maret A 


SR RGRE PY TANCE HILDA AISLE AANIS PSOE a LSA PL ECA RNS NR ETE OTL REND ROPERS MONEDA NEEM DEINE MENDY CT ALA ISSA AA OMA, 


AJoTE: THE MITERHH CLOEK /85 GENERATED FREY Cr 
Yin EX, THe INTERNAL Clock IS  Hib+ /F EX 


CR CR WS MEH, LOW (fF EX Aye CP AKE LOK 


peenr tierce YOK Be m= sevens / ? 3 v 


S407 


FIGURE 3 TIMING “DIAGRAM 
COMOITICNS: EG, Low, Te. High 


FUG UIRE 4. 
COMOITIONS | EOQqy Low, Lo éH 


ae ee HE OIE AER RRMA REE ND MN AT tema 


Sena NA RE NN CON 


A A maT HOHE MINIMA Ny I AED OT A NCTE AR ey ON ANRC et 


FIEVKE © __ 
Con btTIONS - EC, LOW 


, oe MORE IRAN IER ALS PEST OGRE REIL PS NCAT SORIA CE NNO APNE BEY ON OHTA DATTA EVN LM ZANT SPRRISTAEN IAC AS A 2D IAS MND HCTMS ge 


PPE SN TNR TNR BL NOOSE ERO LPL AEE REN ERNE SEN EUL AI ENE te RIE 


wane water ala ge ten eaten AEE RN 
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FAIRCHILD TTL MACROLOGIC 

16 X 4 CLOCKED RAM WITH 3 STATE OUTPUT REGISTER - 9410 
DESCRIPTION - The 9410 is a register oriented high speed 64-bit Read/Write 
Memory organized as 16 words by four bits. An edge triggered four bit output 
register allows new input data to be written while previous data is held. Three 
State outputs are provided for maximum versatility. The 9410 is a member of 
Fairchild's 9400 TTL Macrologic family and is fully compatible with all TTL 
families. 


FEATURES : wees BLD, DD, 
e Edge triggered Output Register - 
e Typical access time of 35 ns ‘i he 9410 
e Three state outputs eine, Veet am 
9 Optimized for register stack operation i ; 
@ Typical power of 375 mW 0 @ G2 03 
@ 18 pin package | IG 14 1216 
Vee = PIN (8 
Groz Fin S 


Loading (note a) 
LEAD NAMES HIGH (U.L.) LOW (U.L.) 
Address Inputs 
Data Inputs (Active LOW) 
Chip Select Input (Active LOW) 


Output Enable Input (Active LOW) 
Write Enable Input (Active LOW) 


Clock Input (Outputs change on LOW to HIGH 
transition) 


Outputs (Active LOW) 


1 Unit Load (U.L.) = 40uA HIGH, 1.6ma LOW 
10 LOW Unit Loads measured at 0.5V 


*A Trademark of Fairchild Gaméra and Instrument Corporation, 
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9410 
FUNCTIONAL DESCRIPTION 
WRITE OPERATION -.When the three Control Inputs: Write Enable (WE), Chip Select 
(CS), and Clock (CP), are LOW the information on the Data Inputs (Dy-D3) is 
written into the memory location selected by the Address Inputs (Aj-A3). If the 
input data changes while WE, CS, and CP are LOW, the contents of the selected 
memory location follows these changes, provided set-up time criteria are met. 


READ OPERATION - Whenever CS is LOW and CP goes from LOW-to-HIGH, the contents 
of the memory location selected by the Address Inputs (Aj-Ag) is edge-triggered 
into the Output Register. 


A 3-State Output Enable (E0) controls the output buffers. When EO is HIGH the 
four Outputs (Q)-Q) are in a high impedance or OFF state; when EO is LOW, the 
Outputs are determined by the state of the output register. 


CONNECTION DIAGRAM 
BLOCK DIAGRAM DIP (TOP VIEW) 


. INPUT 
GATING 


6 2 
5 los a {3 


Vop = Pin 18 ? 
Weg SpiR-3 @ NOTE: 
: : The Flatpak version has the same 


O = Pin Numbers pinouts (Connection Diagram) as the 
Dual In-Line Package. 


oe ee el 
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FAIRCHILD 9410 
AC CHARACTERISTICS: T, = 25°C 


PARAMETER MIN TYP MAX rts 


SYMBOL CONDITIONS 


READ MODE : ae a : 
t Enable Delay, Output Enable | | 12 ns 
ies Output : 9 ns Fig. 2 
pz to Outpu 
Disable Time, Output Enable 5 ns Ser 
ig. 
to Output 5 ns g 
| | 
t Propagation Delay, Clock to 19 ns 
PLH | | Topag " Fig. 3 
t | Output 16 ns 
otk | 
OAR Gis eeeete ecth | Bea Ae ere ee I 
3 
t,AR , Set-up Time to Read from 35 | ns | Fig. 3 
| Address to Clock | | | 
ae Caer: eas Ava Sls alten BE st Aa i eS a Se eT Ba ah x : ana a see aa NNT te ED eh Ne Lin, mre re ee Sets oD EE 
t AR | Hold Time to Read from 0 | 0 | ns Figs..3 
Address to Clock a a oe 4 ee eee nee ates z 
WRITE MODE a a sg set bts 
ty | Write Enable,Chip Select,or Clock Pulse Fig. 4 
sagt MUGEN Reguived "to: rrite «(see NOte 2) a. | , i ge ec 
t AW Set-up Time Address to Write Enable (note b) Fig.4 
t, AW Hold Time Address to Write Enable (note b) Fig. 4 


; soa Aah Re ag ee 
t DW | Set-up Time Data to Write Enable (note b) 


t,,DW Hold Time Data to Write Enable 


NOTE a. Writing occurs when WE, CE ‘and CP are LOW. 


MATE L Ra neemdine EIT fa bi tina dtd an that btun Chunahkn 


READ MODE AC PARAMETERS WRITE MODE AC PARAMETERS 


=e 1.3V 1.3V 


Figure 2 - PROPAGATION DELAY OUTPUT ENABLE 
TO DATA OUTPUTS. 


Sateen cg) tas 
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OTHER CONDITIONS: CS = CP = LOW 


Figure 4 - WRITE ENABLE PULSE WIDTH, SET-UP 
: / AND HOLD TIMES ADDRESS AND DATA 
| TO WRITE ENABLE. 


OTHER CONDITIONS: CS = OF = LOW 


| Figure 3 - PROPAGATION DELAY CLOCK TO DATA OUTPUTS, 
: AND SET-UP AND HOLD TIMES ADDRESS TO 
CLOCK TO READ. 


D410 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) S410 
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS (Note 1) 
ote 
VIH Input HIGH Voltage ese ee ee ee ee Guaranteed Input HIGH Voltage 
07 
VIL Input LOW Voltage ee ee eee V Guaranteed Input LOW Voltage 
car en Gee 
Vep Input Clamp Diode Voltage | ss 0.68 Vec = MIN, Wn =—-18 mA 
Waa Guiee Ghee 34 | | ewe OWL ay 
? PRG ut ea ey eT AY al Ld als 
. J u a 
; OL oe era _ : XC: — wee 0.35 0.5 V Vcc = MIN, lot = ie nA”. 
‘O24 eed) ATU Ore Gai ront BiG : - _ Ce ee a ee TEGNOe, Wes aaa a8 se 
loz (_Oarpe i Ost Current Low ee ee mie ae more ane a ai AX. Mies: i 
Ny Input HIGH Current 1.0 20 MA Vec = MAX, Vin = 2.7 V 


mA Vcc = MAX, Vin = 5.5 V 


ae | ot | ma | 
Ne Input LOW Current | TT 096 [oma Vcc = MAX, Vin = 0.4 V 
los Output Short Circuit Current Ete | [tem | oma | Voc = MAX, Vout = 0 V (Note 3) 
| | ma 


il 
xD 
9 
~ 
Q) 


ICCH Supply Current mA Vcc = MAX, INPUTS OPEN 


NOTES: 


1. conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
evice type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


ORDER AND PACKAGE INFORMATION 


Fairchild digital integrated circuits may be ordered using a simplified purchasing code where the package style and temperature 


range are defined as follows: | 
F 9403 D C 


PACKAGE STYLE 
D = Dual In-Line — Ceramic (Hermetic) ae 7 ei aioe 


P Dual In-Line — Plastic Fairchild Device Package Temperature 
Type Style Range 


Temperature Range 


Two Basic temperature 
Exact values and conditions are indicated on the data sheets. 


4 , F Device Type XX 
Device Identification/Marking 


All Fairchild standard catalog digital circuits will be marked as follows: 


° ° = “1: ° ° 
grades are in common use: C = Commercial-industrial, O'C to +75 C; M = Military, —55 C to +125 C. 
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PACKAGE OUTLINES 


CERAMIC PACKAGES — USED ON ALL DC AND DM DEVICES 


6A 


14-Lead Ceramic Dual In-Line 


785 
750 


18-Lead Ceramic Dual In-Line 


..025 R -.025R 
291 ; 
— ii 
-HO 045 
0 015 
310 219 
3 ; 
es : .020 
230 i, MIN. 
015 4. . ~ Seating 
‘ Plane 
Seating + 
Plane -135 
011 — 
‘009 15 
|__ ars. 
NOM 


NOTES: All dimensions in inches 
Leads are intended for insertion in hole 
rows on .300” centers 
They are purposely shipped with “positive” 
misalignment to facilitate insertion 
Board-drilling dimensions should equal your 


NOTES: 


All dimensions in inches 

Leads are intended for insertion in 
hole rows on .300” centers 

They are purposely shipped with “‘positive’’ 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
Practice for .020 inch diameter lead 

Leads are tin-plated kovar 


Practice for .020 inch diameter lead 
Leads are tin-plated kovar 
Package weight is 2.0 grams 


24-Lead Ceramic Dual In-Line 


1.200 


NOTES: All dimensions in inches 

Leads are intended for insertion in hole 
rows on .500” centers 

They are purposely shipped with “‘positive’’ 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
practice for .020 inch diameter lead 

_Leads are tin-plated kovar 


—— 
RAY ial lm 1 Seating ar 
tO. Pane “Pop 

037 ale: 020 |. 00 _| 
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PACKAGE OUTLINES 


PLASTIC PACKAGES — USED ON ALL PC DEVICES 


9A 


14-Lead Plastic Dual In-Line 


r 38 ra 
(Rosita Neotel 


.310 
+-—"399 a 
t | | 
200 015 
MAX. NOM. 
Seating ¢ pn 
Plane nai amen Ya 
150 i i O1l 
1900 | f .009 
; ’ "| | 
110 .037 _ . _||__220 375 
.090 4+ 025 i rT" 016 NOM. 
TYP. STANDOFF 


WIDTH 


NOTES: All dimensions in inches 

Leads are intended for insertion in hole 
rows on .300” centers. 

They are purposely shipped with ‘‘positive’”’ 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
practice for .020 inch diameter lead 

Leads are tin-plated kovar 

Package weight is 0.9 gram 

Package material is silicone 


24-Lead Plastic Dual In-Line 


135 


TOTP *= 


NOTES: All dimensions in inches 


Leads are intended for insertion in hole 
rows on .500” centers 

They are Purposely shipped with “positive” 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
Practice for .020 inch diameter lead 

Leads are tin-plated kovar 


NOTES: All dimensions in inches : : 
Leads are intended for insertion in hole 


rows on .300” centers. 


They are purposely shipped with 


positive’ 


misalignment to facilitate insertion 
Board-drilling dimensions should equal your 
practice for .020 inch diameter lead 
Leads are tin-plated kovar 
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